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4A(4.*"0/$"3)&*%$"0."$-./1/%%/"/$%"($$)4&,/".*/"k"%5(;/4%)&5/"l"-.&"4)55/$3)*0"="1(">(5&(%&)*"0/"5,81/4%&>&%,"
1/"1)*+"0/"1("+(''/"(*+.1(&5/C"D("')53A)1)+&/"0/"4/$"%5(;/4%)&5/$"3/5'/%"0/"-.(*%&8&/5"1/$"&*4/5%&%.0/$"0/"
4A(4.*"0/$" ,1,'/*%$"0." $-./1/%%/" /*" %/5'/$"0/"3)$&%&)**/'/*%" /*"35)8)*0/.5?"02/<&$%/*4/" /%" 0/">(1/.5"
02(%%5&E.%$"GKGC"G&*$&"1/$",1,'/*%$"0."$-./1/%%/"($$)4&,$"="0/$"&*4/5%&%.0/$"%5)3",1/>,/$"*/"$/5)*%"3($"35&$"
/*"4)'3%/"3).5"1("4)*$%5.4%&)*"0."')061/"/*"&'3,0(*4/"(4).$%&-./C"
D("',%A)0/"0/"4)*$%5.4%&)*"0."')061/"/$%".*/"$&'.1(%&)*"+,)$%(%&$%&-./"4)*0&%&)**,/"3(5"1/$"&*8)5'(%&)*$"
8).5*&/$"3(5"12/*$/'E1/"0/$"%5(&%/'/*%$"+,)3AF$&-./$C"
V(*$".*"35/'&/5"%/'3$?"1("$&'.1(%&)*"$/5("4)*0&%&)**,/"3(5"1/$">(1/.5$"02&'3,0(*4/"(4).$%&-./">./$"(.<"
3.&%$" /%" 1(" +,)',%5&/" 0/$" 4).4A/$" -.&" $)*%" 3)&*%,/$" $.5" 1/$" $-./1/%%/$"GKGC" D/"')061/" /*" &'3,0(*4/"
(4).$%&-./")E%/*."3(5"$&'.1(%&)*"+,)$%(%&$%&-./"$/5("4)*$&0,5,"4)''/"1/"')061/"&*&%&(1"3).5"1("$.&%/"0/"1("
',%A)0/C"
#*$.&%/?" *).$" 35)3)$)*$" 02&*%,+5/5" 12&*8)5'(%&)*" -.(*%&%(%&>/" 4)*%/*./" 0(*$" .*/" 0/$" $/4%&)*$" &$$./" 0."
%5(&%/'/*%" GKG" -.&" 8).5*&%" .*/" >(1/.5" 0/" 5,81/4%&>&%," @&*%/54/3%B" /*" 4A(-./" 3)&*%" 0/" 1(" $/4%&)*C"
D2&*%/535,%(%&)*"0/$"5,$.1%(%$"0/"1("'&+5(%&)*?"0/"12(*(1F$/"GKG"/%"02(.%5/$"(%%5&E.%$"3/5'/%"0/"5/3,5/5"1/$"
!e"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
,>/*%./11/$"(*)'(1&/$"02AF05)4(5E.5/$"35,$/*%$"$.5"1("Y)*/C"V/"31.$?"1("5,81/4%&>&%,"/$%"0&5/4%/'/*%"1&,/"="
12&'3,0(*4/"(4).$%&-./C"J).$"3).>)*$"0)*4"1)4(1/'/*%"')0&8&/5"1/"')061/"/*"&'3,0(*4/"(4).$%&-./"0/"
8)*0"3).5"5/35)0.&5/"1/$"(*)'(1&/$C"
J).$"35)3)$)*$"'(&*%/*(*%"0/"0,45&5/"1/$"0&88,5/*%/$"3(5%&/$"-.&"4)'3)$/*%"4/"',')&5/"/%"(&*$&"/<31&-./5"
12,>)1.%&)*"0/"4/"%5(>(&1"/%"$.5%).%"/<3)$/5"1/$"0&88,5/*%/$"(331&4(%&)*$"0(*$"0/$"4($"$F*%A,%&-./$"/%"5,/1$"
-.&"*).$")*%"3/5'&$"0/"%/$%/5?"8(&5/",>)1./5"/%">(1&0/5"*)%5/"',%A)0)1)+&/C"
"
LCRC! O1(*"0/"%A6$/"
H/%%/" %A6$/" /$%" )5+(*&$,/" $/1)*" 4&*-" +5(*0/$" 3(5%&/$?" 1(" 35/'&65/" 35,$/*%/" %).%/" 1(" ',%A)0)1)+&/"
0,>/1)33,/"0(*$" 4/%%/" %A6$/" /%" 0,45&5(" 1/$" %5(>(.<" $.5" 1/$-./1$"*).$"*).$"E($)*$C"D/$"3(5%&/$" $.&>(*%/$"
4)55/$3)*0/*%"(.<"(331&4(%&)*$"$.5"1/$"0)**,/$"$F*%A,%&-./$"/%"5,/11/$"/%")*%"4A(4.*/"1/.5"&*%,5P%"3).5"4/"
%5(>(&1C"#*8&*?"1("0/5*&65/"3(5%&/"35,$/*%/"1/$"4)*41.$&)*$"/%"1/$"3/5$3/4%&>/$"0/"1("%A6$/C"
"
1. Méthodologie 
H/%%/"35/'&65/"3(5%&/"0,45&%"12/*$/'E1/"0/"1("',%A)0)1)+&/C"J).$"35,$/*%/5)*$"0(*$".*"35/'&/5"%/'3$"1/$"
35&*4&3/$" 0/" 12&'(+/5&/" $&$'&-./" /%" 1(" ',%A)0/" 0/" '&+5(%&)*" /*" 35)8)*0/.5" (>(*%" $)''(%&)*" /%" ="
('31&%.0/"35,$/5>,/"@0,>/1)33/'/*%"4)'31/%"/*"(**/</B"/%"/*$.&%/"1/$"%5(&%/'/*%$"GKG"3).5"12(*(1F$/"0/"
1("5,81/4%&>&%,C"O.&$?" 1/$" %5(>(.<"02GC"#+5/%/(."$/5)*%"0,45&%$?" &1$"8).5*&$$/*%" 1/$"$/4%&)*$"$-./1/%%/$"GKG"
-.&" $/5>&5)*%"3).5"4)*%5(&*05/" 1(" $&'.1(%&)*"+,)$%(%&$%&-./"0/" 12&'3,0(*4/"(4).$%&-./C"D2(*(1F$/"0/"4/$"
$-./1/%%/$"/%"0/$"%5(;/4%)&5/$"($$)4&,/$"3/5'/%"0/"-.(*%&8&/5"1/$"&*4/5%&%.0/$"-.&"0,45&>/*%"1("-.(1&%,"0/"%).$"
1/$"%5(&%/'/*%$"35,4,0/*%$C"
J).$"0,45&5)*$"/*$.&%/" 1("',%A)0/"0/"$&'.1(%&)*"+,)$%(%&$%&-./"/%" 1/$"(>(*%(+/$"-.2/11/"(33)5%/"3).5" 1("
45,(%&)*"0."')061/"/*"&'3,0(*4/"(4).$%&-./"&*&%&(1C"
#*8&*?" *).$" 35,$/*%/5)*$" 1("',%A)0/" 3).5" &*%,+5/5" 12&*8)5'(%&)*" /*" 5,81/4%&>&%," 8).5*&/" 3(5" 1/" $-./1/%%/"
&*%/54/3%C"H/%%/")3,5(%&)*"3/5'/%"0/"5/35)0.&5/"0/$"(*)'(1&/$"1)4(1/$"/*"&'3,0(*4/"(4).$%&-./"-.&")*%",%,"
35,(1(E1/'/*%"5/3,5,/$"1)5$"0/"1("3A($/"02&*%/535,%(%&)*"0/$"$/4%&)*$"&$$./$"0/$"%5(&%/'/*%$"+,)3AF$&-./$C"
HA(4.*/"0/$",%(3/$"0/"4/%%/"',%A)0)1)+&/"$/5("&11.$%5,/"3(5"0/$"8&+.5/$"0&88,5/*%/$"/%"/<%5(&%/$"0/"%5(>(.<"
(*%,5&/.5$?"/11/$"*2(.5)*%"0)*4"3($"8)54,'/*%"0/"4)A,5/*4/"/*%5/"/11/$C"
"
2. Application sur données synthétiques créées par la géophysique 
D(" 35/'&65/" (331&4(%&)*" (" 3).5" E.%" 0/" '/%%5/" /*" 31(4/" /%" %/$%/5" *)%5/" ',%A)0)1)+&/?" '(&$" (.$$&" 0/"
12&11.$%5/5"41(&5/'/*%C"O).5"4/1(?"*).$"(>)*$"0,8&*&".*"'&1&/.",1($%&-./"$F*%A,%&-./"@$/4%&)*$"/*">&%/$$/"O?"
>&%/$$/" ^" /%" 0/*$&%,B?" $.5" 1/-./1" *).$" (>)*$" /88/4%.," .*/" ')0,1&$(%&)*" 02.*" /*$/'E1/" 0/" 0)**,/$""
$&$'&-./$" $F*%A,%&-./$" 5,(1&$%/$" 3(5" 0&88,5/*4/$" 8&*&/$" 0/" 12,-.(%&)*" 02)*0/" ,1($%&-./C" D2/*$/'E1/" 0/$"
%5(&%/'/*%$"+,)3AF$&-./$?"'&+5(%&)*"/%"(*(1F$/"GKG"$/5)*%"/88/4%.,$"3).5"3).>)&5")E%/*&5"1/$"$-./1/%%/$"
02(%%5&E.%$" GKGC" #*$.&%/?" %).%/$" 1/$" ,%(3/$" 3).5" 3).>)&5" /88/4%./5" 1(" $&'.1(%&)*" +,)$%(%&$%&-./" =" 3(5%&5"
02.*" )." 0/" 31.$&/.5$" 3.&%$" /<%5(&%$" 0." ')061/" /*" &'3,0(*4/" %A,)5&-./" $/5)*%" 8(&%/$C" D/$" 5,$.1%(%$" 0."
35/'&/5" ')061/" /*" &'3,0(*4/" (4).$%&-./" &*&%&(1?" 3.&$" 4/1.&" &*%,+5(*%" 12&*8)5'(%&)*" -.(*%&%(%&>/" 3).5"
!!"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
5/35)0.&5/" .*/" (*)'(1&/" 0/" +(Y" $/5)*%" (*(1F$,$" /%" 4)'3(5,$" (." ')061/" /*" &'3,0(*4/" %A,)5&-./" -.&"
5/35,$/*%/"1("5,(1&%,C"
"
3. Application sur données réelles 
D("',%A)0/"/$%"(331&-.,/"=".*"4($"0/"0)**,/$"5,/11/$")t".*"$/.1"3.&%$"/$%"0&$3)*&E1/C"H/%%/"3(5%&/"("3).5"
E.%" 1(" '&$/" /*" 35(%&-./" 0/" 1(" ',%A)0)1)+&/" 0(*$" .*" 4($" 5,(1&$%/" /%" 02(E)50/5" 1/$" -./$%&)*$" 1&,/$" (.<"
4)*%5(&*%/$"-./"*).$"*/"5/*4)*%5)*$"3($"0(*$"1/$"4($"$F*%A,%&-./$"X"4(1(+/"0/"1("$&$'&-./"(."3.&%$?".*"$/.1"
3.&%$"0&$3)*&E1/?"/%4C"D/$" 5,$.1%(%$"0/" 1("'&+5(%&)*"/%"0/" 12&*>/5$&)*"GKG"$)*%"31.$" &*4/5%(&*$"/%"E5.&%,$"
-./"4/.<"0/$"(331&4(%&)*$"$F*%A,%&-./$?"/%"12&0/*%&8&4(%&)*"0/$"(*)'(1&/$"/*"+(Y"/$%"')&*$",>&0/*%/C"V(*$"
4/" 4($" *).$" 35)3)$/5)*$" .*/"',%A)0/" 0/" 4(1(+/" 0/$" 5,$.1%(%$" 0/" 1("'&+5(%&)*" $&$'&-./" (." 3.&%$C"J).$"
'/%%5)*$"/*",>&0/*4/"1("3/58)5'(*4/"0/"1("'&+5(%&)*"/*"35)8)*0/.5".%&1&$,/C"
D2&*%/535,%(%&)*" 0/$" 5,$.1%(%$" $&$'&-./$" /%" 0/$" $/4%&)*$" GKG" *).$" &*0&-./5(" 1(" 35,$/*4/" 0/" 0/.<"
(*)'(1&/$" 0/" +(Y" 0/" *(%.5/" 0&88,5/*%/$?" 4/" -.&" 3/5'/%%5(" 0/" %/$%/5" 1/$" 0&88,5/*%$" %F3/$" 0/"')0&8&4(%&)*"
1)4(1/"0."')061/"/*"&'3,0(*4/"(4).$%&-./"&*&%&(1C"
"
4. Application sur données géologiques synthétiques 
H/%%/"0/5*&65/"(331&4(%&)*"0/"1("',%A)0)1)+&/"$.5".*"4($"0/"0)**,/$"$&$'&-./$"$F*%A,%&-./$"4(14.1,/$"$.5"
.*"')061/",1($%&-./"@K3?"K$?"0/*$&%,B"4)*$%5.&%"3(5"0/$"$&'.1(%&)*$"+,)$%(%&$%&-./$C"
H/" 4($" 4)55/$3)*0" =".*" 5,$.1%(%" )E%/*." /*" 4(5(4%,5&$(%&)*"0/" 5,$/5>)&5" /*" 8(4&6$" ="3(5%&5" 0/"0)**,/$"0/"
8)5(+/$"35&*4&3(1/'/*%C"D/$"&'(+/$")E%/*./$"$)*%"="12,4A/11/"0."5,$/5>)&5?"0)*4"0/"%(&11/"31.$"5,0.&%/"-./"
0(*$"1/"35/'&/5"4($"/%"0/"35,4&$&)*"31.$"+5(*0/?"35,$/*%(*%"0/$"A,%,5)+,*,&%,$"31.$"&'3)5%(*%/$C"
D/$"4)*0&%&)*$"$/"5(335)4A/*%"0)*4"0/"4/11/$"02.*"4($"5,/1C"D2&*%,5P%"0/"4/%"/</'31/"/$%"'.1%&31/"X"
!! 4)'3(5/5"1("5,3)*$/"$&$'&-./"="1("k"5,(1&%,"lC"
!! (*(1F$/5"1/$"1&/*$"/*%5/"1/$">(5&)+5(''/$"A)5&Y)*%(.<"0/$"0&88,5/*%/$">(5&(E1/$C"
"
5. Conclusions et perspectives 
J).$" 8/5)*$" 0(*$" 4/%%/" 0/5*&65/" 3(5%&/" .*" 5,4(3&%.1(%&8" 0/$" 5,$.1%(%$" )E%/*.$" /%" '/%%5)*$" /*" (>(*%" 1/$"
(>(*%(+/$?"'(&$"(.$$&"1/$"1&'&%(%&)*$"0/"1("',%A)0)1)+&/C"
H/%%/" %A6$/" ,%(*%" .*/" 35/'&65/" (')54/" 02.*/" 4)11(E)5(%&)*" /*%5/" 1/$" 4/*%5/$" 0/" c,)$%(%&$%&-./" /%" 0/"
c,)3AF$&-./"0/" 12o4)1/" 0/$"a&*/$" 0/"O(5&$?" .*"+5(*0"*)'E5/"0/" 3)&*%$" )*%" ,%," (E)50,$?" $(*$" 3).>)&5"
%).;).5$" (335)8)*0&5" 5&+).5/.$/'/*%" 1/$" 35)E16'/$C" H)*$4&/*%$" -./" 4/$" %5(>(.<" 0)&>/*%" P%5/" 4)*%&*.,$"
0(*$" 4/5%(&*/$" 0&5/4%&)*$?" *).$" 35)3)$/5)*$" .*" 4/5%(&*" *)'E5/" 0/" 3/5$3/4%&>/$" -.&" 3/5'/%%5(&/*%" 0/$"
)5&/*%(%&)*$"3).5".*/",>/*%./11/"$.44/$$&)*C"
"
"
"
"
!Q"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!R"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
LLC!o%(%"0/"12(5%"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!\"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
LLC!C! L*%5)0.4%&)*"
D("4(5(4%,5&$(%&)*"0/$"5,$/5>)&5$"$/5%"0/"E($/"="1("35&$/"0/"0,4&$&)*"0."0,>/1)33/'/*%"0."+&$/'/*%C"#11/"
4)*$&$%/"="8).5*&5".*/"&'(+/"1("31.$"5/35,$/*%(%&>/"3)$$&E1/"02.*"5,$/5>)&5"02AF05)4(5E.5/$"/*">./"0/"$)*"
,>/*%./11/"/<31)&%(%&)*"/*"3/5'/%%(*%"12/$%&'(%&)*"0/"4(5(4%,5&$%&-./$"4)''/"12/<%/*$&)*"0."5,$/5>)&5?"1/$"
>)1.'/$"0/"81.&0/?"1/$"-.(1&%,$"3,%5)3AF$&-./$"@3)5)$&%,?"3/5',(E&1&%,?"/%4CBC"
D("8&+.5/"!"&11.$%5/"1/"4A/'&*/'/*%"02.*/",%.0/"02/<31)5(%&)*"0/"5,$/5>)&5"0(*$"1/"4)*%/<%/"+,)3AF$&-./C"
D/$" ,%(3/$" $)*%" 1/$" $.&>(*%/$"X" (4-.&$&%&)*?" 35,%5(&%/'/*%$?" 4)*$%5.4%&)*"0."')061/"0/">&%/$$/?" &'(+/5&/?"
,%.0/$"GKS"@1/"31.$"$).>/*%"/88/4%.,/$"/*" %/'3$"$.5" 1/$"$/4%&)*$"k"3)&*%"'&1&/."4)''.*"l"HVOB"3).5"
12(*(1F$/" 0." 4)'3)5%/'/*%" 0/" 1(" 5,81/4%&>&%," )." 0&5/4%/'/*%" &*%/535,%(%&)*" 0/$" &'(+/$" $&$'&-./$C" D("
4(5(4%,5&$(%&)*" 3/5'/%" 02)E%/*&5" .*" ')061/" 5,$/5>)&5?" -.&" /$%" .%&1&$," 3).5" /88/4%./5" 0/$" $&'.1(%&)*$"
02,4).1/'/*%" 0/" 81.&0/" (." 4).5$" 0." %/'3$" @,%.0/$" 0/" 8(&$(E&1&%," 0/" 35)0.4%&)*B" 4)''/" 1/" 35)3)$/" 3(5"
/</'31/" 1/" 1)+&4&/1" #HDLO^#" 0/" 1(" 4)'3(+*&/" ^4A1.'E/5+/5?" 3).5" 8&*(1/'/*%" 3/5'/%%5/" 1(" 35&$/" 0/"
0,4&$&)*"02.*/"*).>/11/"/<31)5(%&)*")."0/"35)0.4%&)*"$&"1/$"5,$.1%(%$"$)*%"%56$"3)$&%&8$C"
"
"
6%/',)*3*\*0$$'-&,A&%7.*('*=>)"%.)").&*()*$@5&'()*(@)L#$7,A&%7.*()*,5-),97%,*(@>S(,7=A,M',)-1*
"
J).$"0&$4.%/5)*$"0(*$" 4/%%/"3(5%&/"0/" 1("0,8&*&%&)*"0/" 1(" 4(5(4%,5&$(%&)*"0/" 5,$/5>)&5" /%"35,$/*%/5)*$" 1/$"
',%A)0/$" 1/$"31.$".%&1&$,/$"3).5"4)*$%5.&5/".*"k"')061/" 5,$/5>)&5"lC"V/3.&$".*/">&*+%(&*/"02(**,/$"0/$"
',%A)0/$" .%&1&$(*%" 0/$" 4)*4/3%$" +,)$%(%&$%&-./$" /%" 0/$" 0)**,/$" +,)3AF$&-./$" $)*%" (33(5./$?" *).$" 1/$"
35,$/*%/5)*$"3).5"/*$.&%/"35,4&$/5"1/"4)*%/<%/"0(*$"1/-./1"4/%%/"%A6$/"$2&*$45&%?"(&*$&"-./"12&**)>(%&)*"-./"
*).$"$).A(&%)*$"(33)5%/5C"
!f"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
LLCQC! G'E&%&)*$"/%"A&$%)5&-./"
qD(7/"/%"H(55)11?"!d_gr")*%"35)3)$,".*/"35/'&65/"0,8&*&%&)*"0/"1("4(5(4%,5&$(%&)*"0/$"5,$/5>)&5$"X"42/$%".*"
35)4,0,"3).5"4)'E&*/5"-.(*%&%(%&>/'/*%"1/$"35)35&,%,$"5,$/5>)&5?"5/4)**(u%5/"12&*8)5'(%&)*"+,)1)+&-./"/%"
1/$"&*4/5%&%.0/$"$.5"1(">(5&(E&1&%,"$3(%&(1/C"
V(*$" 1/" 4(05/" 0/" 4/%%/" %A6$/?" &1" /$%" &'3)5%(*%" 0/" 0,8&*&5" 4/" -./" *).$" (11)*$" (33/1/5" 4(5(4%,5&$(%&)*" 0/"
5,$/5>)&5C" ^.&>(*%" 1/" 0)'(&*/" 02(331&4(%&)*" ,%.0&,?" 1/" %/5'/" k"4(5(4%,5&$(%&)*"l" 3/.%" 35/*05/" 31.$&/.5$"
$/*$"X"
!! Dans le domaine des études réservoir dynamiques?" 1(" 4(5(4%,5&$(%&)*" $&+*&8&/" 12,%.0/" 0."
4)'3)5%/'/*%" 0." 5,$/5>)&5" )E$/5>," 1)5$" 0/" $&'.1(%&)*$" 02,4).1/'/*%$" 0/" 81.&0/?" *).$" 3(51)*$"
(1)5$" 31.%N%" 0/" k"$&'.1(%&)*" 5,$/5>)&5"lC" b.(*0" 4/$" ,%.0/$" $)*%" /88/4%.,/$" (>(*%" 1(" '&$/" /*"
35)0.4%&)*" 0." +&$/'/*%?" /11/$" 3/5'/%%/*%" 02(*%&4&3/5" 1/$" '&+5(%&)*$" 0/" 81.&0/" /%" )3%&'&$/5?" 3(5"
/</'31/?"1("1)4(1&$(%&)*"0/$"3.&%$"35)0.4%/.5$C"J).$"$)''/$"(1)5$"0(*$"1/"4(05/"02,%.0/$"0&%/$"0/"
k"8(&$(E&1&%,"lC" b.(*0" 4/$" %5(>(.<" $)*%" /88/4%.,$" 3/*0(*%" 1(" 35)0.4%&)*" 0." +&$/'/*%?" 1/$"
$&'.1(%&)*$"3/5'/%%/*%" 12(;.$%/'/*%" &*$%(*%(*,"0/$"3(5('6%5/$"0."')061/"5,$/5>)&5"(8&*"0/"4(1/5"
(.<"A&$%)5&-./$"0/"35)0.4%&)*"/%"35,0&5/"1/"4)'3)5%/'/*%"8.%.5"0."5,$/5>)&5C"
!! Dans le domaine des études réservoirs statiques?" /%" 4/1.&" 0/" 1(" +,)$%(%&$%&-./" 3,%5)1&65/?" 1("
k"4(5(4%,5&$(%&)*"l" /$%" $F*)*F'/"0/" k"')0,1&$(%&)*"l"X" 0/$"',%A)0/$" $)*%"'&$/$" /*"v.>5/" 3).5"
4)*$%5.&5/" 1/" '/&11/.5" ')061/" 5,$/5>)&5" 5/35,$/*%(%&8" 0/" 1(" 5,(1&%," =" 12(&0/" 02.*" '(<&'.'"
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Le variogramme et la covariance 
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Estimation : le krigeage 
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0."3)&*%"0/"5,81/<&)*"(.<-./11/$")*"(331&-./"1("1)&"0/"^*/11IV/$4(5%/$C"
D2/$%&'(%&)*" 41($$&-./" 0/$" (*+1/$" $/" 8(&%" $.5" 4A(-./" 3)$&%&)*" 3)&*%I'&1&/." 4)''.*" @)." =7""7.*I%(b
F7%.&""HaOB"3).5"4A(-./")88$/%C"D/$"%5(4/$"$)*%"$)'',/$"0(*$"0/$"41($$/$"02(*+1/$"35,0,8&*&/$"/%"*).$"
)E%/*)*$".*";/."0/"0)**,/$"$&$'&-./$"4)'3)$,"0/"-./1-./$"+(''/$"(*+.1(&5/$"@0/"12)505/"0/"1("0&Y(&*/B"
="4)'3(5/5"(.<"4/*%(&*/$"0/"+(''/$"0/"4)*%5&E.%&)*$"/*"0,3)5%C"
J).$" (11)*$"'(&*%/*(*%" 35,$/*%/5" 1("',%A)0/" 02&'(+/5&/" -./" *).$" (11)*$" .%&1&$/5C" H2/$%" .*/"'&+5(%&)*"
35)8)*0/.5" (>(*%" $)''(%&)*" /%" =" ('31&%.0/$" 35,$/5>,/$" /%" 35,$/*%/" E/(.4).3" 02(>(*%(+/$" 3).5" *)%5/"
',%A)0)1)+&/"0/"4)*$%5.4%&)*"02.*"')061/"/*"&'3,0(*4/"(4).$%&-./C"
"
LLLC!C\C!a&+5(%&)*"$&$'&-./"/*"35)8)*0/.5"="('31&%.0/"35,$/5>,/C"
'$3)V,+',<3)W#+!
O(5"$).4&"0/"81.&0&%,"0/"4/"',')&5/?"*).$"35,$/*%)*$"/*"(**/</"!"1/"35&*4&3/"0/"1("'&+5(%&)*"35)8)*0/.5"
35/$%(47"="('31&%.0/"35,$/5>,/")."F,)-),9)(*!"#$%&'()*F,)-&A=e*4)#&>*I%/,A&%7."@OGO$VaBC"
J).$"'/*%&)**)*$"$/.1/'/*%" 1/"8(&%"-./"4/" %F3/"02&'(+/5&/"$/"E($/"$.5" 1("5/8)5'.1(%&)*"0."35&*4&3/"0/"
'&+5(%&)*?" -.&" (" ,%," .*/" 0/$" ,>)1.%&)*$"'(;/.5/$C" #*" /88/%?" 1(" '&+5(%&)*" /$%" >./" 4)''/" .*/"',%A)0/"
02&*>/5$&)*?"4p/$%I=I0&5/"E($,/"$.5"1("',%A)0/"0."35)E16'/"&*>/5$/"0/"qU(5(*%)1(?"!d_\rC"
D/$"0)**,/$"&*&%&(1/$"$)*%"0/$"0)**,/$"$&$'&-./$"/*"%/'3$"/%"*)*"$)'',/$"D/$"0&88,5/*%/$",%(3/$"0/"1("
'&+5(%&)*"$)*%"X"
!! 1/"%5(4,"0/"5(&$"$&$'&-./$"@35)E16'/"0&5/4%B"(."$/&*"0."')061/"0/">&%/$$/"-.&"(",%,"1&$$,?"/%"0)*4"1/"
4(14.1" 0/$" 8)*4%&)*$" 0/"c5//*" -.&" 8).5*&$$/*%" 1(" 5,3)*$/" &'3.1$&)**/11/" =" .*/" $).54/" 0(*$" .*"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
4/5%(&*"'&1&/.C"H/$" 8)*4%&)*$" 8).5*&$$/*%" 1/$">(1/.5$"0/"0&>/5+/*4/"+,)',%5&-./?" /%" 1/" %/'3$"0/"
%5(;/%"0/$")*0/$C"
!! 1(" 5,$)1.%&)*" 0." 35)E16'/" &*>/5$/" -.&" 3/5'/%" 0/" 8)5'.1/5" 12/<35/$$&)*" 0/" 1(" '&+5(%&)*" -.&"
'&*&'&$/".*/"8)*4%&)*"4)w%"/*%5/"1/$"0)**,/$"$&$'&-./$"'/$.5,/$"/%"4(14.1,/$C"
!! 1("'&+5(%&)*"0/$"(%%5&E.%$"$&$'&-./$"@4)''/"12(*+1/B?"/%"1("4)*>/5$&)*")88$/%"="(*+1/"&*%5&*$6-./C"
D("8&+.5/"!g"')*%5/".*"$4A,'("0/"1("'&+5(%&)*"OGO$VaC"D/"5,$.1%(%"0/"12&'(+/5&/"/$%".*"/*$/'E1/"0/"
0)**,/$"'&+5,/$"/*"35)8)*0/.5"/%"="('31&%.0/"35,$/5>,/C"O/53/*0&4.1(&5/'/*%"="1("$/4%&)*"="(*+1/"*.1?"1/$"
$/4%&)*$" L$)IM" @)."H&c"3).5*K7""7.* %"A/)*YA&>),B" 8).5*&$$/*%" 1(" 5,81/4%&>&%,"0/" 4A(-./"3)&*%" &'(+,"
$/1)*"12(*+1/C"
HA(4.*/"0/$" ,%)&1/$" $.5" 1/$"0)**,/$" /*" %/'3$" &*0&-./".*/"0&$%(*4/" $).54/I5,4/3%/.5" @)88$/%B" 45)&$$(*%/"
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!
"#
$#
%
&
'
(
"
)'
*
+
,
! ! !!" ! "
-./
# #
$%%!&'
" (#" (#" )#*##
+,-.&
"
"
X$, H7
",.&#') %).0$ ",.&#') 0+,6,'3)<+
I6
6$)
%!,
< &
'-
2)
"
6%/',)* 3:*\* r)'* ()* (7..5)-* ;4_* =$A--5* ).* 67.=&%7.* ()* $@766-)&* O/A'=>)Q* )&* #A--A/)* A'* (7"A%.)* "%/,5*
O(,7%&)Q1*T@0-7bs*)-&*%.(%?'5*).*=A,,5*.7%,1*T)*-=>5"A*('*MA-*"7.&,)*$@%"A/),%)*(@'.*"j")*#7%.&*-'%9A.&*
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
O).5" 5,$.'/5" 1/$"(33)5%$"0." %5(>(&1" /*"35)8)*0/.5?" 1/" %(E1/(."0/" 1(" 8&+.5/"!h"0,45&%" 1("4)'3(5(&$)*"0/$"
',%A)0/$"02&'(+/5&/"0(*$"1/"4($"41($$&-./"/*"%/'3$"/%"*)%5/"4($"/*"35)8)*0/.5C"
D/$" 0)**,/$" (>(*%" $)''(%&)*" 3/5'/%%/*%" 0/" 4)*$/5>/5" %).%/" 12&*8)5'(%&)*" $.5" 1(" >(5&(%&)*" 0/" 1("
5,81/4%&>&%,?".*"3)&*%"/$$/*%&/1"3).5"1/"E)*"0,5).1/'/*%"0/$"%5(&%/'/*%$"(356$"'&+5(%&)*C"
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Conversion Offset -
Angle
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6%/',)*3B*\*K7"#A,A%-7.*()-*#,7=5(5-*(@%"A/),%)*(A.-*$)-*()'L*=7.&)L&)-*&)"#-*)&*#,767.()',1*
"
J).$" 0,45&>)*$" 1/$" 3)&*%$" 3).5" 1/$-./1$" 4/%%/" '&+5(%&)*" /$%" .*/" $)1.%&)*" 3).5" +(5(*%&5" 1/$" '/&11/.5$"
5,$.1%(%$"3).5"1/"E)*"8)*4%&)**/'/*%"0/"*)%5/"',%A)0)1)+&/"X"
!! 41($$&-./'/*%?" 1(" 4)55/4%&)*" 0/" 0&>/5+/*4/" +,)',%5&-./" 8)*4%&)*" 0." %/'3$" /$%" (331&-.,/" (.<"
0)**,/$" $&$'&-./$" &*&%&(1/$" 1)5$" 0/" 1(" 3A($/" 0/" 35,%5(&%/'/*%$" 3).5" 5/A(.$$/5" 12('31&%.0/" 0/$"
0)**,/$" &*&%&(1/$"-.&")*%",%,"(1%,5,/$C"D/"35)E16'/"/$%"-./"4/%%/" 4)55/4%&)*?" $).>/*%" /88/4%.,/" ="
3(5%&5" 02.*/" 1)&" 0/" >&%/$$/" !V?" 0,%5.&%" 12&*8)5'(%&)*" $.5" 1/$" ('31&%.0/$" /%" 1/.5$" >(5&(%&)*$C" D("
'&+5(%&)*"(>(*%"$)''(%&)*"="('31&%.0/"35,$/5>,/"/*"35)8)*0/.5?"-.&".%&1&$/".*/"1)&"0/"4)55/4%&)*"
+,)',%5&-./"RV" &'31&4&%/?"/$%".*/"E)**/"$)1.%&)*"3).5"+(5(*%&5" 1("-.(1&%,"/%" 1("35,$/5>(%&)*"0/$"
>(5&(%&)*$"02('31&%.0/$"4)*%/*./$"0(*$"1/$"0)**,/$"E5.%/$C"
!! 1("'&+5(%&)*"3/5'/%".*"5/3)$&%&)**/'/*%"/*"35)8)*0/.5"0/$",>,*/'/*%$"/%"0/" 1(" 8)4(1&$(%&)*"0/"
%).%/$"1/$"4)*%5&E.%&)*$"4)*%/*./$"0(*$"1/$"0)**,/$"(>(*%"$)''(%&)*C"
!! 1(" '&+5(%&)*" /*" 35)8)*0/.5" (>(*%" $)''(%&)*" =" ('31&%.0/" 35,$/5>,/" 3/5'/%" 0/" 5,$).05/" 1/"
35)E16'/" 0&5/4%" m" 1(" 35)3(+(%&)*" m" 0(*$" .*" 4A('3" 0/" >&%/$$/" A,%,5)+6*/" 5,(1&$%/?" /%" 3/5'/%"
02)E%/*&5"0/$"&'(+/$"'&/.<"8)4(1&$,/$"1)5$-./"1/$"Y)*/$"02&*%,5P%"$)*%"4)'31/</$C"
!! 1/$"',%A)0/$"02(*(1F$/"0/">(5&(%&)*"12('31&%.0/"-.&"$/5)*%".%&1&$,/$"3(5"1("$.&%/"8)*%"&*%/5>/*&5"0/$"
,-.(%&)*$" -.&" 0,3/*0(*%" 0/" 12(*+1/" 02&*4&0/*4/C" S5" 1(" '&+5(%&)*" OGO$Va" /88/4%./" .*/"
4)*>/5$&)*")88$/%I(*+1/" &'31&4&%/"3(5".*/" 1)&"0/">&%/$$/"RV?"0)*4"(3%/"="P%5/"/88/4%.,/"3).5"0/$"
Y)*/$" 4)'31/</$C" U(*0&$" -./" 1/$" ',%A)0/$" 41($$&-./$" 8)*%" $).>/*%" 12AF3)%A6$/" 0/" '&1&/."
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
%(E.1(&5/"@1)&"0/">&%/$$/"!VB"3).5"/88/4%./5"4/%%/"4)*>/5$&)*"qW(10/*?"!dd!r?"4/"-.&"5/$%5/&*%" 1/$"
4A('3$"02(331&4(%&)*"(.<"'&1&/.<"$,0&'/*%(&5/$"$&'31/$C"
H/%%/" %A6$/"*2("3($"3).5"E.%"0/" %/$%/5")."0,>/1)33/5".*/"',%A)0/"02&'(+/5&/?"'(&$"*)%5/"',%A)0)1)+&/"
5/-.&/5%" 0/$" 0)**,/$" $&$'&-./$"'&+5,/$" $3,4&8&-./$" @/<35&',/$" /*" 35)8)*0/.5" /%" /*" (*+1/?" ('31&%.0/$"
$&$'&-./$"35,$/5>,/$?" /%4{BC"G&*$&?" %).%/"',%A)0/"02&'(+/5&/"35)3)$(*%"4/$"(>(*%(+/$?" /%"3).>(*%"P%5/"
(331&-.,/"0(*$".*"'&1&/."4)'31/</?"3/.%"P%5/".%&1&$,/C"J).$"3).55&)*$"3(5"/</'31/".%&1&$/5"1/$"*).>/11/$"
',%A)0/$"0/"'&+5(%&)*"0&%/$"tA9)*)?'A&%7."E($,/$"$.5".*/"(335)<&'(%&)*"3(5(<&(1/"0/"12,-.(%&)*"02)*0/"
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D)5$"02.*/",%.0/"$&$'&-./?"(>(*%"02&*%/535,%/5"1("$%5.4%.5/"0/"1("Y)*/?"1("35/'&65/")3,5(%&)*"="/88/4%./5"/$%"
1/" 4(1(+/" (.<" 3.&%$C" H/1(" 4)*$&$%/" =" (88/4%/5" =" .*" *&>/(." +,)1)+&-./" .*" ,>,*/'/*%" $&$'&-./" %/1" -.2.*"
'(<&'.'").".*"'&*&'.'"02.*/"%5(4/C"
c,*,5(1/'/*%?"1/"4(1(+/"0."3.&%$"/$%"/88/4%.,"0/"1("8(y)*"$.&>(*%/"X"
!! &1" 8(.%" %).%" 02(E)50" ,%(E1&5" .*/" 5/1(%&)*" /*%5/" .*" %/'3$" 0/" 35)3(+(%&)*" /%" .*/" 35)8)*0/.5" /*"
0,8&*&$$(*%".*/"1)&"0/">&%/$$/")E%/*./"3(5".*"1)+"0/"$)*&4"@>&%/$$/"0/$"4).4A/$BC"
!! .*/"%5(4/"$F*%A,%&-./"0(*$"1("E(*0/"0/"85,-./*4/"0/"1("$&$'&-./"/$%"45,,/"/*"4)*>)1.(*%"1/"1)+"0/"
5,81/4%&>&%,"@0,0.&%"0."1)+"02&'3,0(*4/B"3(5".*/")*0/1/%%/"/*"%/'3$"
!! 1("k"%5(4/"$&$'&-./"l"(&*$&")E%/*./"/$%"4)'3(5,/"(.<"%5(4/$"$&$'&-./$"/*"%/'3$">)&$&*/$"&$$./$"0/"
12&'(+/"'&+5,/"@8&+.5/"!_BC"
"
6%/',)*3U*\*K7,,5$A&%7.-*).&,)*$)-*(7..5)-*()*-%-"%?')*()*-',6A=)*)&*()*#'%&-*OV7',=)*\*YA`*()*[,A.=)Q1*0=%*
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
q`)F/5"/%"a(5&?"!dd\r")*%"35)3)$,".*/"',%A)0/"3).5"/$%&'/5".*/"5/1(%&)*"%/'3$I35)8)*0/.5"5)E.$%/"X"/*"
&*%,+5(*%"1/"1)+"0/"1/*%/.5"!&"$.5"1("35)8)*0/.5?"*).$")E%/*)*$"1/"%/'3$"-./"'/%%5(&%"12)*0/"3).5"3(54).5&5"
1(" 0&$%(*4/" 4)'35&$/" /*%5/" 1/$" 0/.<" 35)8)*0/.5$" 4)55/$3)*0(*%/$C" D2)3,5(%&)*" 0/" 4(1(+/" (" 3).5" E.%" 0/"
4(14.1/5"1/"%/'3$">/5%&4(1"0/"35)3(+(%&)*"02.*/")*0/",'&$/"/*"$.58(4/"3(5".*/"$).54/"/%"/*5/+&$%5,/"3(5".*"
4(3%/.5"(*45,"="1("3(5)&"0."3.&%$"="0&88,5/*%/$"4N%/$"/%"="1.&"($$)4&/5".*/"35)8)*0/.5C"D/$"',%A)0/$"0."!&"
"%.%"'""/%"l$7=*->%6&"q`)F/5"/%"a(5&?"!dd\r"3/5'/%%/*%"0/"4)55&+/5"1/$"%/'3$"'/$.5,$"0(*$"1/"$)*&4"0/$"
/88/%$"0/"Y)*/"(1%,5,/?"0/"81.4%.(%&)*"0/"$&+*(%.5/"/%"0."0,3)5%"0/"1("$).54/"3(5"5(33)5%"(."3.&%$C"
V(*$" 1/"4($"0/"4/%%/" %A6$/?" 1/$" 1)+$"0/"3.&%$"0)*%"*).$"0&$3)$)*$"$)*%"/<35&',$"$/1)*"1("35)8)*0/.5"-.&"
4)55/$3)*0"="1("35)8)*0/.5"5,/11/C"
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4(5"'(1+5," 1/$" 3/58)5'(*4/$" 0/" 1("'&+5(%&)*" /*" 35)8)*0/.5"'&$/" /*"v.>5/?" 1/" E)*" 3)$&%&)**/'/*%" 0/$"
A)5&Y)*$" /$%" %56$"0,3/*0(*%"0."')061/"0/">&%/$$/".%&1&$," /%" 0." 1&$$(+/"-.&"F" (" ,%," (331&-.," @4)*$,-./*%"
0(*$"*)%5/"4($"02&'(+/5&/"0/"%F3/"5(&""&54AA)88BC"
V(*$" *)%5/" 4($?" 12&'(+/" '&+5,/" /$%" /<35&',/" /*" 35)8)*0/.5C" J).$" 35)3)$)*$" (1)5$" .*" 4(1(+/" /*"
35)8)*0/.5"-.&"/$%"&4&"5,$.',"/*"31.$&/.5$",%(3/$"X"
!! 1/"3.&%$"("+,*,5(1/'/*%".*",4A(*%&11)**(+/"$.3,5&/.5"="12&'(+/"'&+5,/"0/"12)505/"0/"1("0&Y(&*/"0/"
4/*%&'6%5/$"4)*%5/"1/"'6%5/")."1("0&Y(&*/"0/"'6%5/$"3).5"1("$&$'&-./?"/%"35,$/*%/".*/"+(''/"0/"
85,-./*4/"31.$",1/>,/C"J).$"8&1%5)*$"1/"1)+"0/"3.&%$"0(*$"1("'P'/"E(*0/"0/"85,-./*4/"-./"12&'(+/"
'&+5,/"/%",4A(*%&11)**)*$"12/*$/'E1/"0/$"0)**,/$"="1("'P'/"5,$)1.%&)*C"
!! *).$"5/4A/54A)*$"1/$"4)*%5($%/$"$.5"1/"1)+"/%"1/$"%5(4/$"$&$'&-./$">)&$&*/$"(."3.&%$"-.&"%,')&+*/*%"
0/"1("35,$/*4/"02.*"'P'/"5,4/3%/.5C"O).5"4/1("*).$"(88&4A)*$"1/"3.&%$"0.31&-.,"/*%).5,"0/$"%5(4/$"
$&$'&-./$"/*>&5)**(*%/$"@8&+.5/"!dBC"H/%"(88&4A(+/?"-.&"4)55/$3)*0"=".*"8&1'"$F*%A,%&-./?"3/5'/%"
(1)5$" 0/" 0,8&*&5" (&$,'/*%" 1/$" 3)&*%$" 0/" 12&'(+/" '&+5,/" 0)*%" *).$" $).A(&%)*$" ')0&8&/5" 1("
35)8)*0/.5C"
!! (356$"(>)&5"5,8,5/*4,"1/$"3)&*%$"0/"12&'(+/"'&+5,/"-./"*).$"$).A(&%)*$"4(1/5"/*"35)8)*0/.5?"*).$"
4(14.1)*$" .*/" 8)*4%&)*" 02(*(')53A)$/" 1&$$/" -.&" >(" 3/5'/%%5/" 02($$)4&/5" =" 4A(-./" 3)&*%" .*/"
*).>/11/"35)8)*0/.5"/*"8)*4%&)*"0."4)*0&%&)**/'/*%"&'3)$,C"#*"/88/%?"31.%N%"-./"02/88/4%./5".*"
,%&5/'/*%" @)." .*/" 4)'35/$$&)*B" /*%5/" 0/.<" 4)*%5($%/$?" &*0,3/*0(''/*%" 02.*/" (.%5/" 3(5%&/?"
12/*$/'E1/"0."3.&%$"$/5("')0&8&,"0/"8(y)*"A)')+6*/"/%"35)+5/$$&>/?"%).%"/*"5/$3/4%(*%"1/$"3)&*%$"
4)*0&%&)**(*%$"@8&+.5/"QeBC"
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-./"*).$"$).A(&%)*$"4(1/5?"3).5"4/1("12&'(+/"'&+5,/"(",%,"0,4(1,/"/*"35)8)*0/.5"/%",%&5,/")."4)'35/$$,/"
0/"8(y)*"35)+5/$$&>/C"
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(>(*%(+/$"X"
!! 1/" *)'E5/" 0/" >(1/.5$" &*>/5$,/$" )." 5/35,$/*%,/$" $.5" 1/" +5(3A&-./" &*%/54/3%z+5(0&/*%" 0&'&*./"
8)5%/'/*%C"
!! .*"+5(*0"*)'E5/"0/">(1/.5$"E&(&$(*%/$"$)*%"$.335&',/$C"
!! 1/"%/'3$"0/"4(14.1"0/"12&*>/5$&)*"/$%"(',1&)5,C"
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Corridor mute R0
À partir de la valeur 
initiale
R0 = R(! = 0 )
Chercher R(!i+1)
corridor mute 
1ère
inversion 
AVA
Détection + inversion 
AVA le long des 
trajectoires
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6%/',)*2;*\*F,%.=%#)*'&%$%-5*#7',*$@%.9),-%7.*!+!*$)*$7./*()-*&,AN)=&7%,)-*(@'.*0-7bs1*K@)-&*$)*#,%.=%#)*()*
$@%.9),-%7.*<IP*O<,AN)=&7,S*I79)*P'&Q_*oZ/,)&)A'_*;DDGp1*
"
D("35,4&$&)*"0/"12&*>/5$&)*"GKG"/$%"(&*$&"41(&5/'/*%"(',1&)5,/"3(5"5(33)5%"(.<"',%A)0/$"41($$&-./$"-.&"
/88/4%./*%"12&*>/5$&)*"GKG"0(*$"1/"0)'(&*/"(*+.1(&5/"$(*$"35&$/"/*"4)'3%/"0/$",>/*%./11/$"0,>&(%&)*$"0."
5,81/4%/.5C" D(" 8&+.5/" RR" 5/35,$/*%/" 0/.<" 4)'3(5(&$)*$" 0/$" >(1/.5$" 0/" 5,81/4%&>&%," /<%5(&%/$" 0(*$" 1/" 4($"
41($$&-./"/%"1/"4($"UaSC"J).$")E$/5>)*$"1/$">(1/.5$"0/"5,81/4%&>&%,"3)&*%,/$"%56$"0&88,5/*%/$?"$.5%).%"3).5"
1/$" )88$/%$" 1)&*%(&*$C" D/$" >(1/.5$" 0/$" (%%5&E.%$" GKG" $/5)*%" 0)*4" '/&11/.5/$" -.(*0" 1(" ',%A)0/" 0/$"
%5(;/4%)&5/$"/$%"/'31)F,/C"
gg"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
"
6%/',)*22*\*ZL)"#$)*,5)$*()*$A*#,5=%-%7.*()*$@%.9),-%7.*!+!*MA-5)*-',*$)-*&,AN)=&7%,)-1*0$*)-&*#7--%M$)*()*
-'%9,)*()-*5$5").&-*()-*0-7bs*N'-?'@J*()-*A./$)-*$7%.&A%.-1*TA*,5#7.-)*!+!*)-&*A%.-%*67,&)").&*"7(%6%5)_*
oZ/,)&)A'_*;DDGp1*
"
LLLCQC\CRC! D/"$-./1/%%/"+,)'/%5&-./"
^&"*).$"4(14.1)*$"1/$"%5(;/4%)&5/$"$.5"%).$"1/$"L$)IM"/%"4)*$&0,5)*$"1("$/4%&)*"="(*+1/"*.1")."8(&E1/?"*).$"
4)*$%(%)*$"-.2&1"(33(5(u%".*/"$%5.4%.5/"/*"35)8)*0/.5"-./"*).$"(33/11/5)*$"k"$-./1/%%/"+,)',%5&-./"l"0/"
1("Y)*/"&'(+,/"@8&+.5/"R\BC"
H/"$-./1/%%/"+,)1)+&-./"@8&+.5/"RfB"/$%"/<35&',"0(*$" 1/"0)'(&*/"35)8)*0/.5C"H/%%/"$/4%&)*"4)*%&/*%"0/$"
,1,'/*%$" @1/$" 3)&*%$" 0/" 0,3(5%" 0/$" %5(;/4%)&5/$B" -.&" 5/35,$/*%/*%" %).%/$" 1/$" &*%/58(4/$" ($$)4&,/$" =" 0/$"
4)*%5($%/$"02&'3,0(*4/"5/1(%&>/'/*%"8)5%$"3).5"+,*,5/5".*/"5,81/<&)*"$&$'&-./C"
gh"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
D(" $,1/4%&)*" 0/" 4A(4.*" 0/$" ,1,'/*%$" 0/" 4/" $-./1/%%/" /$%" /*" 8(&%" 0&5/4%/'/*%" E($,/" $.5" 1(" >(1/.5" 0/"
12&*%/54/3%" 4)55/$3)*0(*%C" O(5" /<%/*$&)*?" &1" /<&$%/" 3).5" 4A(4.*" 0/" $/$" ,1,'/*%$" .*/" /$%&'(%&)*" 0/$"
3(5('6%5/$" GKG" &*%/54/3%" /%" +5(0&/*%?" '(&$" (.$$&" 02(.%5/$" (%%5&E.%$" -.&" /*" 0,4).1/*%" @4)/88&4&/*%" 0/"
O)&$$)*?"8(4%/.5"0/"81.&0/?"/%4CBC"
H/"$-./1/%%/"4)*%&/*%".*"$/+'/*%"3).5"4A(-./" %5(;/4%)&5/"0,%/4%,/?"4/"-.&"$(%&$8(&%"0)*4" 12(335)<&'(%&)*"
GKG".%&1&$,/"3).5"1("')0,1&$(%&)*?"(."')&*$"3).5"-./1-./$")88$/%$")."(*+1/$C"H/"3)&*%,?"-.(*0"*).$"1/"
4)'3(5)*$" =" .*" 3)&*%," 0/$" ,>,*/'/*%$" 5,(1&$,$" $.5" .*/" $/4%&)*" $)'',/" (356$" '&+5(%&)*?" 3/5'/%"
02,1&'&*/5"(.%)'(%&-./'/*%"1/$"3)&*%,$"-.&"*2(.5(&/*%"(.4.*/"$&+*&8&4(%&)*"+,)3AF$&-./C"
"
6%/',)* 2H*\* 0$$'-&,A&%7.* ()* $@7M&).&%7.* ()* $A* -)=&%7.* -?')$)&&)* ).* -5$)=&%7..A.&* $)* #,)"%),* A./$)* 7x* $A*
&,AN)=&7%,)*()*$@595.)").&*A##A,Am&1*
"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
LLLCRC!^-./1/%%/$"GKG"
D2/$%&'(%&)*"0/$"3(5('6%5/$"GKG"&*%/54/3%"/%"+5(0&/*%"/$%"/88/4%.,/" 1/" 1)*+"0/$" %5(;/4%)&5/$?"0)*4"3).5"
4A(4.*" 0/$" ,1,'/*%$" 0." $-./1/%%/" +,)',%5&-./C" #*" 4)*$,-./*4/?" &1" /<&$%/" .*" $-./1/%%/" &*%/54/3%" /%" .*"
$-./1/%%/"+5(0&/*%?"/.<"(.$$&"/<35&',$"/*"35)8)*0/.5C"
D("8&+.5/"Rg"5/35,$/*%/".*"$-./1/%%/"+,)',%5&-./"4(14.1,"3(5"12&*>/5$&)*"GKG"="12(&0/"0/$"%5(;/4%)&5/$C"D("
8&+.5/" Rh" ')*%5/" 1/$" $-./1/%%/$" &*%/54/3%" /%" +5(0&/*%" ($$)4&,$?" -.&" 4)55/$3)*0/*%" (.<" 0/.<" $/4%&)*$"
&*%/54/3%"/%"+5(0&/*%"31/&*/$"35,$/*%,$"31.$"A(.%C""
G>(*%"0/"3(51/5"0/"12.%&1&$(%&)*"8.%.5/"-./"*).$"8/5)*$"0/"4/$"$-./1/%%/$"3).5"1("4)*$%5.4%&)*"02.*"')061/"
02&'3,0(*4/"(4).$%&-./?"*).$"35,$/*%)*$".*"0/"1/.5$"35/'&/5$"(>(*%(+/$C"
D("8&+.5/"R_"')*%5/"1/"+5(3A&-./"4(14.1,"$.5"1("'P'/"Y)*/"-./"35,4,0/''/*%"@8&+.5/"ReB?"'(&$"&*>/5$,/"
="12(&0/"0/$"%5(;/4%)&5/$C"V(*$"4/"4($?"1/"*)'E5/"0/"3)&*%$",%(*%"5,0.&%?"&1"/$%"31.$"8(4&1/"0/"0&$%&*+./5"1/$"
0&88,5/*%$"/*$/'E1/$C"
^&" *).$" 3)&*%)*$" 1(" 8)5%/" 5,81/4%&>&%," 0/" >(1/.5" *,+(%&>/" @8&+.5/" RdB?" *).$" )E$/5>)*$" 0&5/4%/'/*%"
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O<IPQ1*
*
"
6%/',)*2U*\*X)#,5-).&A&%7.*('*/,A#>%?')* %.&),=)#&n/,A(%).&*-',*'.*)L)"#$)*()* $A*"j")*`7.)*?')*-',* $A*
6%/',)*2D*).*'&%$%-A.&* $A*"5&>7()*()-* &,AN)=&7%,)-*<IP1*0$*)-&* %=%*#$'-* 6A=%$)*()*(%-&%./'),* $)-*(%665,).&-*
).-)"M$)-1*T)*.7"M,)*(@5$5").&-* -%/.%6%=A&%6-*)-&* ,)-&,)%.&*)&*#),")&*'.*=A$='$*()* $@%.9),-%7.*!+!*#$'-*
,A#%()*)&*#$'-*,7M'-&)1*
he"
"
"
"
#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
"
6%/',)*2W*\*+%-'A$%-A&%7.*#$'-*59%().&)*()-*A.7"A$%)-*()*$A*`7.)*/,y=)*J*$@'&%$%-A&%7.*()-*&,AN)=&7%,)-1*
*
LLLCRC!C!b.(1&%,"/%"*/%%)F(+/"0."$-./1/%%/"
D/$"$-./1/%%/$"&*%/54/3%"/%"+5(0&/*%"$)*%"="1("E($/"0/"1("',%A)0)1)+&/"35)3)$,/"3).5"1("4)*$%5.4%&)*"02.*"
')061/" /*" &'3,0(*4/" (4).$%&-./C" D(" $&'.1(%&)*" 0/" 12&'3,0(*4/" (4).$%&-./" $/5(" /88/4%.,/" =" 3(5%&5" 0/$"
0)**,/$" 0/" 3.&%$" 0(*$" 0/$" 4).4A/$" -.&" 0,1&'&%/*%" 1(" $/4%&)*" ,%.0&,/" /%" -.&" $/5)*%" 0,8&*&/$" (>/4" 1/$"
$-./1/%%/$" &*%/54/3%" /%" +5(0&/*%C" L1" /$%" 0)*4" &*0&$3/*$(E1/" 0/" 0&$4.%/5" 0/" 1/.5" 8&(E&1&%," /%" 0/$" >,5&%(E1/$"
&*8)5'(%&)*$"-.2&1$"8).5*&$$/*%"(.<"*&>/(.<"-.(*%&%(%&8$"/%"-.(1&%(%&8$C"
J).$"(33/11/5)*$"0)5,*(>(*%" 1/" $-./1/%%/"+,)',%5&-./"k"$-./1/%%/"l?"-.(*0"*).$" 1/" 4)*$&0,5)*$"4)''/"
E&*(&5/C"Hp/$%I=I0&5/"-./"*).$"($$)4&)*$"=".*/">(1/.5"&*%/54/3%"*)*"*.11/".*",1,'/*%"0/">(1/.5"!?"/%"1/"5/$%/"
/$%",+(1"="Y,5)C"
D(">(1&0&%,"0."$-./1/%%/"0,3/*0"8)5%/'/*%"0."35,%5(&%/'/*%"(331&-.,"(.<"0)**,/$"(>(*%"1("'&+5(%&)*?"/%"0/"
1("'&+5(%&)*"/11/I'P'/C"
V&$4.%)*$"%).%"02(E)50"0/$"1&'&%/$"0/"4/"$-./1/%%/"X"
!! &1"*/"3/.%"4)*%/*&5"-./"1/$"$%5.4%.5/$"$.5" 1/$-./11/$" 1/$")*0/$"$/"$)*%"5,81,4A&/$"(."4).5$"0/"1/.5"
35)3(+(%&)*C"
!! 1/" 35,%5(&%/'/*%" 0/$" 0)**,/$" *2(" 3." ,1&'&*/5" %).$" 1/$" '.1%&31/$" 4)*%/*.$" 0(*$" 1/$" 0)**,/$"
&*&%&(1/$?"*)%(''/*%"4/.<"0."8)*0"0/"12/(."X"1/"')&*05/"'.1%&31/"0/"8)5%/"('31&%.0/"35,$/*%"$.5"1("
$/4%&)*"'&+5,/"$/5("35,$/*%"0(*$"1/"$-./1/%%/C"
!! 1("4)*%&*.&%,"0/$"&*%/58(4/$">./$"$.5"1/"$-./1/%%/"*2/$%"3($"3(58(&%/?"$.5%).%"0(*$"1/$"4($"5,/1$C"
!! 1/"3)$&%&)**/'/*%"/*"35)8)*0/.5"0/$"&*%/58(4/$"0,3/*0"%56$"8)5%/'/*%"0."')061/"0/">&%/$$/".%&1&$,"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
!! D("35/'&65/" &*>/5$&)*"GKG"-.&"4(14.1/" 1("35/'&65/">(1/.5"0/"5,81/4%&>&%,"="3(5%&5"0/" 1(-./11/" 1("
%5(;/4%)&5/" /$%" 0,8&*&/" /$%" /88/4%.,/" $.5" 1(" $/4%&)*" &*%/54/3%" 31/&*/C" S5" 4/%%/" $/4%&)*" 4)*%&/*%"
12)*0/1/%%/"$&$'&-./?"4/"-.&">/.%"0&5/"-./"0/$"1)E/$"(33(5(&$$/*%"0/"3(5%"/%"02(.%5/$"0/$"5,81/4%/.5$"
35&*4&3(.<C"a(1+5," 1/" $/.&11(+/" &'3)$," 1)5$" 0/" 1(" 0,%/4%&)*" 0/$" 5,81/4%/.5$" 35&*4&3(.<" 3).5" 1/"
4(14.1"0/$"%5(;/4%)&5/$?"4/5%(&*$"1)E/$"3/.>/*%"P%5/"35&$"/*"4)'3%/"/%"(33(5(u%5/"0(*$"1/"$-./1/%%/C"
L1" /$%"3)$$&E1/"0/"-.(1&8&/5" /%"-.(*%&8&/5" 4/$" &*4/5%&%.0/$"/%" (335)<&'(%&)*$" 8(&%/$"(."4).5$"0." %5(&%/'/*%"
$&$'&-./C"L1"4)*>&/*%"(1)5$"0/"35)3)$/5"0/$"45&%65/$"0/"-.(1&%,?"02/*"-.(*%&8&/5"12&'3)5%(*4/"/%"02(33)5%/5"
.*/"$)1.%&)*"$&'31/"="12.$(+/"0/$"$&'.1(%&)*$"+,)$%(%&$%&-./$"/88/4%.,/$".1%,5&/.5/'/*%C"
"
LLLCRC!C!C! H5&%65/$"$.5"1/$"%5(;/4%)&5/$"
J).$"35)3)$)*$"0/"0,8&*&5" 0/$" 45&%65/$"0/"-.(1&8&4(%&)*" 1&,$"02.*/"3(5%" =" 12)5+(*&$(%&)*"+,)',%5&-./"0."
$-./1/%%/"/%"02(.%5/"3(5%"="1("')53A)1)+&/"0/$"%5(;/4%)&5/$"0/"12L$)IM"($$)4&,/$"(.<",>,*/'/*%$C"
"
Isolement des éléments 
D/" 35/'&/5" 45&%65/" /$%" ($$)4&," =" 12)5+(*&$(%&)*" +,)',%5&-./" 0." $-./1/%%/C" J).$" 4)*$&0,5)*$" -./" 0/$"
,>,*/'/*%$" 0." $-./1/%%/" %5)3" &$)1,$" 3(5" 5(33)5%" =" 1/.5$" >)&$&*$" 3/.>/*%" P%5/" ,1&'&*,$" @8&+.5/" \eBC" H(5"
'P'/"$2&1"/$%"3)$$&E1/"-.2&1$"5/35,$/*%/*%".*/"5,/11/"$&+*(%.5/"0./"="0/$",>,*/'/*%$"1)4(.<?"&1$"3/.>/*%"
(.$$&" %).%" =" 8(&%" P%5/" 0/$" (5%/8(4%$" 0/" '&+5(%&)*C" J).$" 35,8,5)*$" (1)5$" 1/.5" ($$)4&/5" .*/" &*4/5%&%.0/"
02/<&$%/*4/"35)3)5%&)**/11/"="1/.5"&$)1/'/*%"/%",1&'&*/5"1/$",1,'/*%$"1/$"31.$"&*4/5%(&*$C"
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#$%&'(%&)*"+,)$%(%&$%&-./"0/"12&'3,0(*4/"(4).$%&-./"(356$"'&+5(%&)*"35/$%(47"/*"35)8)*0/.5"
Gamme angulaire 
J).$"4(14.1)*$"1("k"1)*+./.5"l"0/$"%5(;/4%)&5/$"1/"1)*+"0/"12(*+1/?"4/"-.&"8).5*&%"4/"-./"*).$"(33/1)*$"1("
k"+(''/"(*+.1(&5/"l"@8&+.5/"\!BC"J).$"3/*$)*$"("35&)5&"-./"1/$",>,*/'/*%$"($$)4&,$"="0/$"+(''/$"%5)3"
3/%&%/$" */" 3/.>/*%" P%5/" 8&(E1/$C" #*" /88/%?" 0(*$" 4/" 4($?" 12&*>/5$&)*"GKG" /$%" /88/4%.,/" (>/4" %5)3" 3/." 0/"
3)&*%$" 4)*0&%&)**(*%$" /%" /$%" 0)*4" &*$%(E1/C" J).$" *2(>)*$" -.2.*/" 4)*8&(*4/" 1&'&%,/" /*>/5$" 1/$" >(1/.5$"
02&*%/54/3%" /%" +5(0&/*%" ($$)4&,/$?" *).$" *2,1&'&*)*$" 3($" 12,>,*/'/*%" '(&$" *).$"1.&" ($$)4&)*$" .*/"
&*4/5%&%.0/",1/>,/C"
:*"/</'31/"0/"$/4%&)*"0/"+(''/"(*+.1(&5/"/$%"35,$/*%,"$.5"1("8&+.5/"\QC"J).$"3).>)*$"F"(3/54/>)&5"X"
!! .*/"0,45)&$$(*4/"+1)E(1/"0/" 1("+(''/"$/1)*" 1("35)8)*0/.5"-.&"/$%" 1&,/"=" 1(" 1&'&%(%&)*"(*+.1(&5/"
&'3)$,/"="12&*>/5$&)*"GKG"1/"1)*+"0/$"%5(;/4%)&5/$C"
!! +1)E(1/'/*%?"1/"'P'/")505/"0/"+(''/"(*+.1(&5/"1/"1)*+"0/"4A(-./"A)5&Y)*"4)*%&*.C"
!! 1("35,$/*4/"02,1,'/*%$"0/"8(&E1/"+(''/"3(5"5(33)5%"="1/.5">)&$&*(+/?"*).$"3).>)*$"($$)4&/5"="4/$"
,1,'/*%$".*/"&*4/5%&%.0/"$.5"1/.5$">(1/.5$"02(%%5&E.%$"GKG"&*%/54/3%"/%"+5(0&/*%C"
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5$5").&-* ('* -?')$)&&)*\* $A* /A"")* )&* $A* (59%A&%7.* A./'$A%,)1* TA* (567,"A&%7.* A./'$A%,)* ?'%* -),A* #$'&z&*
'&%$%-5)*)-&*5/A$)*A'*,A##7,&*()*$A*(59%A&%7.*-',*$A*/A"")1*
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#A,&%)*000Q1* ZL)"#$)* (@0-7bs* =7,,)-#7.(A.&* A'* -?')$)&&)* 5&'(%5* O(,7%&)Q1* TA* 6$8=>)* 9),&)* #7%.&)* '.)*
&,AN)=&7%,)*#,5-).&A.&*'.)*/A"")*A./'$A%,)*5$)95)1*T)-*6$8=>)-*NA'.)-*#7%.&).&*()-*&,AN)=&7%,)-*()*6A%M$)*
/A"")*#A,*,A##7,&*J*$)',*97%-%.A/)1*
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